The mechanisms underlying major aspects of the human brain remain a mystery. It is unknown how verbal episodic memory is formed and integrated with sensory episodic memory. There is no consensus on the function and nature of dreaming. Here we present a theory for governing neural activity in the human brain. The theory describes the mechanisms for building memory traces for entities and explains how verbal memory is integrated with sensory memory. We infer that a core function of dreaming is to move charged particles such as calcium ions from the hippocampus to association areas to primary areas. We link a high level of calcium ions concentrations to Alzheimer's disease.
Introduction
The human brain is fascinating but elusive. The mechanisms underlying major aspects of the brain remain a mystery. It is unknown how verbal episodic memory is formed and integrated with sensory episodic memory. There is no consensus on the function and nature of dreaming. There is no precise definition of consciousness. How does behavior affect brain health? Here we address these questions.
The cognitive neuroscience of memory is in need of transformation (Nadel et al. 2012 ). Memory is attributed to changes in neural synapses by synaptic plasticity the existence and formation of verbal episodic memory. We describe a theory for governing neural activity in the human brain, called the theory of associativity. We address these questions in the framework of the theory.
Memory is linked to sleep as studies show that memory depends on getting sufficient sleep (Ellenbogen et al. 2006) . Sleep is divided into two types: rapid eye movement (REM) and non-REM. Most dreaming occurs in REM sleep (Hobson 2009 ). A primary function of sleep is thought to consolidate or transform memory from the hippocampus into the neocortex (Nadel et al. 2012 ). There is no agreement on the purpose and mechanism of dream construction (Freud 1900 ; Hobson and McCarley 1977; Jouvet 1999; Revonsuo 2000) . Existing theories of dreaming could not explain why dreaming is physiologically and evolutionarily important or why children have much longer REM sleep than adults. We develop a theory of dreaming based on the theory of associativity to address these questions.
Memory is also linked to Alzheimer's disease (AD) as memory loss is the most common symptom. AD is characterized by extreme shrinkage of the cerebral cortex and hippocampus. AD is linked to disrupted REM sleep (Bliwise 2004) . Quite a few well-known people such as Isaac Newton and Albert Einstein in the arts and sciences are believed to have the Asperger syndrome (James 2003) . How is intelligence associated with common neural disorders? We provide new knowledge to explain these links based on the new theories of associativity and dreaming.
Memory is involved in consciousness as conscious experiences are encoded and stored by memory mechanisms. There is no rigorous definition of consciousness, although theories are proposed to explain consciousness in terms of neural activities in the brain (Edelman 2004; Koch 2012) . Existing definitions could not recognize non-human consciousness in other animals or explain why consciousness evolved as an adaptive advantage. We present a new definition that is both philosophical and operational. The definition is used to address these questions.
Theory of Associativity
We expand classical properties of synaptic plasticity ( into a version called the theory of associativity, which forms the basis for the brain's neural activity. The theory describes the relationship between information attended to by the brain and its neural activity. The theory is described as follows. There are two major types of information: verbal and non-verbal sensory, with sensory information further divided into subtypes. A special example of verbal information is time, which has no sensory perception. Neurons are activated by synaptic plasticity to form synaptic connections when the brain attends to an instance of information during learning. A block is a group of connected neurons that are always activated together. Blocks that are activated at the same time can be connected by synaptic plasticity into a structure. How long the structure persists depends on the length and intensity of attention and emotion as well as the type of neurons involved. The structure can be strengthened through retrieval or rehearsal. In general, for some integer m ≥ 0, structures at level at most m that are activated at the same time can be connected into a structure at level m + 1, where a structure at level 0 is a block.
The hippocampus is the control center for combining components into a structure in the neocortex. The neocortex consists of primary sensory and sensory association areas, spatial areas, primary verbal and verbal association areas, and primary motor and motor association areas. Note that verbal and visual information processing is known to involve nonoverlapping brain areas (Newman et al. 2007 ). The visual association areas are divided into the ventral visual stream (VVS) for entity representation and the dorsal visual stream (DVS) for representation of entity location and motion (Ungerleider and Mishkin 1982) . The spatial areas are activated to perceive a sketch of a spatial arrangement of entities in a scene during recollection. Sensory structures are distributed in sensory association areas; verbal structures are distributed in verbal association areas. Association areas are capable of forming structures by synaptic plasticity in different locations. However, the hippocampus coordinates the encoding activity in all the association areas to avoid forming duplicate structures in different locations for the same instance of information. Components (in association areas) that are activated at the same time are first combined into a structure in the hippocampus. Then the structure is formed in the association areas by transforming the hippocampal connections between the components into the association areas. Sensory hippocampal connections can be transformed through rehearsal, while verbal hippocampal connections can be immediately transformed and later strengthened through recollection. Note that the hippocampus is known to have increased activation for spatial compared to verbal information (Ryan et al. 2010 ). During dreaming, visual imagery is often perceived in primary visual areas; evidence for the involvement of primary visual areas is that blind people whose primary visual cortex is never activated have no visual imagery in their dreams (Hurovitz et al. 1999 ) and that increased activity in the visual cortex is observed during REM sleep (Braun et al. 1997 ). The visual imagery is a result of activation in the hippocampus and visual association areas. The activation starts with an encoding operation in the hippocampus and transmits information from the hippocampus to the visual association areas to the primary visual areas. Thus, we propose that a function of dreaming is to flow calcium ions out from the hippocampus to association areas to primary areas.
Another approach to understanding dreaming is by studying dream contents.
Dreams are thought to be constructed from memory because dreams share very little similarity to waking events and are rarely replays of memory (Stickgold et al. 2001 ).
The theory of associativity holds that the perception of sensory information is asso- Virtual experiences are constructed during dreaming by forming unreal memory.
In contrast, real experiences during waking life lead to the formation of real memory.
Because unreal memory is easily distinguished from real memory, dreaming causes no interference to real memory. It appears that memory has a temporal structure such that real memory is formed in currently active association areas during waking and unreal memory is formed in currently dormant association areas during dreaming.
Our examination of dream contents offers support for the view that a major function of dreaming is to redistribute calcium ions without disrupting real memory. Although unreal memory appears to be of no use, making unreal memory strengthens the association between sensory perception and sensory representation activation. Emotions in dreams are thought to create large opposite charges to pull calcium ions in the direction of information transmission.
Each dream is a unique experience, which is produced by activating a unique superstructure. In addition, dreams are the window through which we see the power The calcium theory also links calcium to common headaches. After a day of work or study involving calcium inflow in the brain, the brain feels dizzy and sleepy.
However, after a good night's sleep involving calcium outflow, the brain feels fresh.
The dizziness and sleepiness is a warning sign from the brain in response to increased calcium ions concentrations in the hippocampus and association areas. Thus, calcium is linked to headaches. The new finding is consistent with previous findings linking calcium signaling to migraine (Gargus 2009 ).
The calcium theory gives an explanation of a personal mystery. 
Consciousness
The new knowledge that dreaming involves flowing calcium ions out of the hippocampus and association areas by forming unreal memory and temporarily paralyzing muscles suggests that whole sleep be considered a state of unconsciousness. On the other hand, during waking, if consciousness is not reflected in behavior that causes the species to survive, then it is lost, where behavior includes body movements, communication between members of the species, and any other instance of motor area activation. Thus, behavior is part of consciousness that matters. For example, a predator is avoided by running away or hiding; prey is actively pursued. According to the theory of associativity, if a sensation and a behavior often occur at the same time, then their representations in the brain are connected by synaptic plasticity.
Therefore, associated sensations and behaviors concur automatically because they are wired together in the brain. Thus, experiences are encoded in the association between sensory areas and motor areas in the brain.
The above analysis suggests that consciousness be defined as the ability to behave for one's own welfare through the association between sensory areas and motor areas in one's brain. The theory of associativity explains the neural mechanisms that underlie consciousness. The association between a stimulus and a behavior indicates that the brain not only has a representation of the stimulus, but also is able to reflect it in the behavior. The level of consciousness is assessed by measuring the complexity of behaviors or the extent of the association between stimuli and behaviors. Unlike sensations, many forms of behavior can be objectively observed even for animals. 
